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Graphical abstract 
 

 

Abstract 
 

An overview of recent advancement in the production of activated carbon (AC) from 

biomass using microwave heating is presented. The use of microwave heating method 

for the thermal conversion of biomass to useful products has been on the increase in the 

last decade because it offers fast and uniform heating, and a higher level of 

automation. The effects of process parameters (microwave power and radiation time, 

agent flow rate in physical activation and impregnation ratio in chemical activation) on 

the properties and adsorption capacity of the AC are reviewed. From the results 

reported in the literature, it can be seen that the influence of the preparation 

parameters on the adsorption capacity of the prepared AC followed the same pattern. 

In the physical activation process, microwave power and radiation time have more 

pronounce effects on the properties of the AC than the activation agent flow rate. 

Furthermore, the properties of the AC were found to be at their best when the process 

parameters are at the optimum values wether individually or collectively, and further 

increase in the process value beyond optimum value resulted in decrease in their 

adsorption capacity. 
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Abstrak 

 

Gambaran keseluruhan kemajuan terkini dalam pengeluaran karbon teraktif (AC) 

daripada biomas menggunakan ketuhar pemanas dibentangkan. Kaedah 

penggunaan ketuhar pemanas untuk penukaran haba biomas kepada produk 

berguna telah meningkat dalam dekad ini kerana ia menawarkan pemanasan cepat 

dan seragam, dan tahap automasi yang lebih tinggi. Kesan daripada parameter 

proses (kuasa dan masa sinaran gelombang mikro, ejen aliran kadar dalam 

pengaktifan fizikal dan nisbah pengeraman dalam pengaktifan kimia) atas kapasiti ciri-

ciri dan penjerapan telah dikaji. Dari keputusan yang dilaporkan dalam kajian literasi, ia 

boleh dilihat bahawa pengaruh parameter penyediaan terhadap keupayaan 

penjerapan karbon teraktif mengikuti pola yang sama. Dalam proses pengaktifan 

fizikal, kuasa dan masa sinaran gelombang mikro lebih dinyatakankan berkesan ke atas 

ciri-ciri karbon teraktif berbanding daripada kadar aliran ejen pengaktifan. Selain itu, 

ciri-ciri karbon teraktif didapati berada pada tahap terbaik apabila parameter proses 

yang berada pada nilai optimum sama ada secara individu atau berkumpulan, dan 

kenaikan seterusnya dalam proses nilai melebihi nilai optimum mengakibatkan 

penurunan dalam keupayaan penjerapan. 

 

Kata kunci: Biomas, ketuhar pemanas, karbon teraktif, struktur liang 
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1.0  INTRODUCTION 
 

Activated carbon (AC), a carbonaceous material, is 

characterised by large surface area, high micropore 

volume, controllable pore structure, thermal stability, 

low acid/base reactivity and rapid adsorption 

capability [1]. As such, AC has been applied in 

diverse areas such as treatment of volatile organic 

compounds (VOC) [2], purification of air and 

gases[3], purification of industrial effluents [4], water 

treatment [5-9] and energy storage [10-13]. 

Properties, quality, and cost of AC depend 

significantly on both the raw materials and the 

preparation technique employed in the production 

of the AC. It is a known fact that most of the 

commercial activated carbons are prepared from 

fossil fuel based materials such as coal, peat, and 

lignite, thus making the AC expensive. The search for 

alternate raw materials leads to the attention being 

focused on biomass, particularly those from 

agricultural by-products and wastes. Vast quantities 

of biomass are being generated daily from the 

harvesting and processing of various crops, thus 

making biomass abundantly available and less 

expensive. Also, agricultural biomass is renewable, 

sustainable and environmentally friendly. The 

effective utilisation of the biomass is, therefore, the 

desired outcome as well as a welcome development 

for effective waste disposal management that has 

hitherto been a great challenge. 

The activation process plays a significant role in the 

pore structure and distribution, and adsorption 

capacity of the prepared AC. There are two types of 

activation process, namely, physical and chemical 

activation. Chemical activation involves the 

impregnation of the precursor material with 

dehydrating agents, which may either be acidic or 

basic solution, such as ZnCl2, KOH, NaOH, H3PO4 and 

K2CO3 to influence the pyrolytic decomposition of 

the precursor material, lower the activation 

temperature and suppress the formation of tar [14, 

15]. Physical activation involves the partial 

gasification of the carbonaceous precursor material 

in an inert environment at high temperature followed 

by activation using oxidising gasses such as carbon 

dioxide, steam, air or a combination of 

them[15].Although chemical activation has many 

advantages such as low activation time, single step 

activation, low activation temperature, better porous 

structure and higher yield, the physical activation 

process is widely preferred by the commercial 

activated carbon manufacturers. The ability to 

produce AC with well-developed microporous 

structure and desirable physical characteristics 

coupled with the simplicity of process are the reasons 

adduced for the wide adoption of physical 

activation process by industries for the commercial 

production of AC[16]. 

For several decades, the conventional heating 

method remains the most preferable and applicable 

technique for the preparation of AC. However, the 

application of microwave heating technology for the 

production of AC from biomass has been on the 

increase in the last decade because comprising of 

some advantages over the conventional heating 

method. In the conventional heating method, the 

heating is from the surface to the interior part of each 

particle resulting in what is called temperature 

gradient. Thermal gradient could be avoided 

through slow heating. However, slow heating usually 

leads to a long preparation process, thus leading to 

a greater energy consumption, in homogeneous and 

distorted microstructure in the prepared activated 

carbon [17]. Whereas, in microwave heating, there is 

a direct interaction between the microwaves and 

the particles inside the pressed compact material 

leading to quick volumetric heating [18].  

In this paper, a review of the advancement in the 

activation processes using microwave heating 

technology for the preparation of AC from biomass 

and their effects on the physical and chemical 

properties of AC is presented. The review does not 

include the effect of preparation process on the 

various applications of the AC. 

 

 

2.0  MICROWAVE HEATING 
 

Microwave heating is a process and belongs to the 

group of electroheat techniques that utilize specific 

part of electromagnetic spectrum. These methods 

supplement or replace (in some specific cases) the 

conventional heating systems used in industries [19]. 

Other members of the group are induction, direct 

resistance, infra-red heating and radio frequency. In 

the electromagnetic spectrum, microwave lie 

between infrared radiation and radiowaves with a 

frequency range of 0.3 GHz to 300 GHz and 

wavelength (λ) of 1 mm to 100 cm [20]. There are 

many distinct frequency bands allocated for 

domestic, industrial, scientific and medical use. 

However, to avoid interference with 

telecommunications frequencies, the main 

frequencies are positioned at 896 MHz (915 MHz in 

the US) and 2.450 GHz [19] with the corresponding 

wavelength of 37.24 cm and 12.24 cm [21] 

respectively. Usually, the shorter wavelengths (2.450 

GHz, 12.24 cm) are used for drying and heating 

materials in thin layer with large surface area. 

Whereas the longer wavelength (37.24 cm) which 

can provide power up to 100 kW are used for larger 

process heating because of the ability to penetrate 

deep into the material [21]. Figure 1 [22] depicts a 

typical electromagnetic spectrum with their 

frequency range. 

Over the last few years, microwave equipment 

and ovens have undergone series of development 
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and modifications resulting in what we have today – 

a robust and mature technique that find application 

in wide areas such as material science [23], 

information technology and telecommunications 

[24], polymer synthesis [25], wood drying, plastic and 

rubber treating as well as curing and preheating of 

ceramics [26] and analytical chemistry [27].

 

 
Figure 1 A typical electromagnetic spectrum with their frequency range[22] 

 

 

Materials can be classified into three broad groups 

according to their interaction with the microwave. 

The groups, as illustrated in Figure 2, are conductors, 

insulators, and absorbers [26]. Materials, such as 

metals and alloys, which microwave cannot 

penetrate but instead reflect are called conductors 

while insulators are low loss materials that are 

substantially transparent to the microwave. Insulators 

including materials such as glasses, fused quartz, 

Teflon, polypropylene and ceramics can reflect 

partially and transmit the incident waves traveling 

through materials. On the other hand, absorbers, 

such as polar solvent and aqueous solution, are high 

loss materials that absorb microwave radiation and 

cause energy transfer. By doing so, they can be 

effectively heated at room temperature [28]. 

Microwave absorbers are also known as dielectric 

materials. 

 

 
 
Figure 2 Microwave absorption characteristics for 

conductor, insulator and absorber [26] 

 

 

The material’s ability to be polarised and heated 

using microwave field is defined by its dielectric loss 

tangent [29]and is given by: 

 

     (1) 

 

where  is the dielectrict constant (or real 

permittivity) and it is a measure of the material’s 

capability to retard microwave energy passing 

through it and  is the dielectric loss factor (or 

imaginary permittivity) which is a measure of the 

material’s capability to dissipate the energy [30]. 

Thus, 

     (2) 

 

where  is the complex permittivity and  is equal to 

. 

 

 

3.0  PREPARATION OF ACTIVATED CARBON 

 

Activated carbon with excellent surface functionality 

and well-developed porosity can be prepared by 

thermal decomposition of carbonaceous materials 

such as coal, peat, lignite and various agricultural by-

products in a furnace (conventional heating) or a 

microwave under controlled heat and atmosphere. 

The thermal processing of carbonaceous materials to 

obtain AC usually involves two stages, i.e. 

carbonisation/pyrolysis and activation that are 

usually carried out by physical or chemical activation 

process. 

As mentioned in section 1.0, the activation process, 

as well as the heating technique, play asignificant 

role in the pore structure development and 

adsorption capacity of the prepared AC. In the 

conventional heating method, heat is transferred by 
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conduction, convection or radiation from the 

external source to the material. This method is 

saddled with the problem of heat loss to the 

surrounding, heat transfer resistance, damage to the 

reactor walls due to continuous electrical heating 

and utilisation of the portion of heat supplied to the 

biomass [31]. This method of heating also results in 

the temperature gradient from the hot surface of the 

particle to the interior of each particle. The thermal 

gradient causes distortion and non-homogeneous 

microstructure in the AC due to the impediment in 

the removal of gaseous products from the biomass to 

the surroundings [14, 17]. To avert the problem of the 

thermal gradient, a slower heating rate is used. 

However, the slow heating usually leads to longer 

activation time with attendant higher energy 

consumption. In microwave heating method, unlike 

the conventional heating method, there is no heat 

transfer into the biomass. Instead electromagnetic 

energy is converted into heat energy within the 

dielectric material by dipole rotation and ionic 

conduction [32].Thus, a larger amounts of heat could 

be transferred to the interior of the dielectric material 

resulting in minimal effects of differential synthesis 

and fast volumetric heating [18, 30]. Microwave 

heating technique was developed as a response to 

the problem of conventional heating method [33, 

34].Other advantages of microwave heating 

method, as enumerated by Metaxas [19] and Haque 

[30], are (i) non-contact heating, (ii) selective 

material heating, (iii) compactness of equipment, (iv) 

speed of switching on and off, (v) pollution-free 

environment and (vi) a higher level of automation 

and safety. Owing to these advantages, the use of 

microwave heating for the preparation of AC from 

various agricultural by-products has been on the 

increase in the last decade. 

 

3.1  Microwave-induced Physical Activation 

 

Microwave-induced physical activation is usually 

carried out in two phases, i.e. carbonisation of raw 

material and then activation of the resulting char, just 

like in the conventional heating method. In the 

conventional heating method, carbonsation involves 

the heating of the precursor material to a 

temperature range of 400 oC to 850 oC and then held 

at this temperature for some time before cooling 

down under an inert atmosphere. The resulting char is 

then activated at an elevated temperature between 

600 oC and 900 oC by controlling gasification under 

the flow of activating gasses such as carbon dioxide, 

steam, air or a mixture of these gases [35]. However,  

in microwave heating method, it is almost impossible 

to measure the sample temperature accurately due 

to the volumetric and internal nature of the 

microwave heating. As such, the temperature could 

not be used as a variable parameter in the 

preparation of AC. Instead, the microwave power is 

used as a variable parameter [36]. Although CO2 is 

widely preferred as an activating agent due to its 

cleanliness and ease of handling, however, the 

precursor material is a major determinant of the 

choice activating agent because to achieve high 

surface area, different activating agents are required 

for different materials [37]. 

Till date, there are limited number of studies 

reported in the literature on the preparation of AC 

via microwave-induced physical activation process. 

And among these studies, it is only in our previous 

study [38] that char prepared by microwave heating 

was used as a precursor for AC preparation. In all 

other reported studies, the char was prepared using 

the conventional heating method. The use of the 

conventional heating method for carbonisation is 

because biomass is a poor microwave absorber, and 

as such required a dielectric material such as carbon 

material to initiate the process of heating. In our 

previous study [38], coconut-based commercial 

activated carbon (CAC) was used as the absorber 

during the process carbonization. 

Xin-hui et al. [39] performed microwave-assisted 

activation of jatropha hull using both steam and CO2 

as an activating agent and compared the results 

with activated carbons prepared by conventional 

heating. They found out that while the porosity, i.e. 

pore volume, and surface area, of the microwave-

assisted steam AC, doubled the conventional 

heating that of the microwave-assisted CO2 AC is of 

the same order of magnitude with the conventional 

heating. 

 

3.2  Microwave-induced Chemical Activation 

 

In chemical activation, the precursor material may 

be carbonised before activation e.g.[14, 40] or may 

not be carbonised before activation e.g.[41]. 

Because prior carbonisation is not prerequisite in 

chemical activation, the process usually refers to as a 

single stage activation process. Microwave-induced 

chemical activation process involves the exposure of 

the precursor material to microwave irradiation after 

it has been impregnated with chemical activating 

agents such as ZnCl2, NaOH, KOH, K2CO3, FeCl3, and 

H3PO4. In addition to their role as oxidants and 

dehydrating agents, the chemical activating agents 

also serve as microwave absorbers because of their 

dielectric properties. However, none of the previous 

studies incorporate the dielectric properties of the 

chemical activating agents [42]. One major 

advantage of the microwave-induced chemical 

activation processes is its ability to produce carbons 

with high surface area. However, like in the 

conventional chemical activation process, there is 

an additional cost due to post-activation washing of 

the carbons that is required to clean off the 

reactants and inorganic residues from the carbons. 

Hoseinzadeh Hesas et al. [43] produced AC from 

oil palm shell via microwave-induced ZnCl2 

activation and found out that the BET surface area of 
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the AC increases with increase in the impregnation 

ratio until the impregnation ratio reaches 0.65 

(Zn/palm shell) and then decreases with further 

increase in the impregnation ratio. 

 

 

4.0  PROPERTIES AND CHARACTERIZATION 

OF ACTIVATED CARBON 
 

The application of AC is highly dependent on the 

porosity (i.e. surface area and pore structure) of the 

carbon materials. The raw material, activation 

method, and parameters are the factors that could 

be used to control the pore structure of the AC [44]. 

According to IUPAC (The International Union of Pure 

and Applied Chemistry), porous materials can be 

classified into micropores (< 2 nm), mesopores (2-50 

nm) and macropores (> 50 nm). Table 1 and Table 2 

depict the physical properties of the activated 

carbons produced by microwave heating with 

chemical and physical activation respectively. 

N2 and CO2 sorption analyses are standard 

procedures for the determination of the porosity of 

activated carbons. Specific surface area, pore size 

distribution, and pore volume are three important 

properties of the AC that determine the adsorption 

capacity of the AC and are highly influenced by the 

preparation conditions. An adsorbent with large BET 

surface area usually has a better adsorption 

performance. Also, the reactivity and combustion 

behaviour of AC is exceedingly dependent on the 

BET surface area[15]. 

The pore size distribution, defined as the degree of 

heterogeneity in the structure of the porous material, 

represents a model of the solid structure and the 

structural heterogeneity [45]. In addition to the 

preparation conditions, the nature of the precursor 

material vastly influences the pore structure and pore 

size distribution of porous materials. 

 
Table 1 Physical properties of the activated carbons produced by microwave heating with chemical activation 

 

Material Agent SBET 

(m2/g) 

Smicro 

(m2/g) 

Sexternal 

(m2/g) 

Vtot 

(cm3/g) 

Vmicro 

(cm3/g) 

Vmeso 

(cm3/g) 

Ave. 

Pore 

size (Å) 

Ref. 

Coconut husk KOH 1356.25 725.77 630.48 0.78 0.392 0.388 22.97 [46] 

Sugarcane bagasse ZnCl2 1489 229 - 1.3 0.33 0.85 - [11] 

Pineapple peels KOH 1006 521 485 0.59 0.28 0.31 23.44 [47] 

 K2CO3 680 538 142 0.45 0.28 0.17 25.97  

Rice Husks KOH 752 346 406 0.64 0.26 0.38 34.14 [48] 

 K2CO3 1165 607 558 0.78 0.33 0.45 26.89  

Cotton stalks KOH 729.33 529.46 199.88 0.38 0.26 0.12 - [32] 

Durian shell NaOH 1475.48 863.29 612.19 0.841 0.467 0.374 22.81 [49] 

 K2CO3 621.47 384.67 236.8 0.38 0.11 0.27 -  

Orange peels K2CO3 1104.45 420.09 684.36 0.615 0.247 0.368 22.27 [50] 

Pistachio nut shells KOH 700.53 - - 0.375 - - - [51] 

Oil palm (Elaeis) EFB KOH 807.54 - - 0.45 - - 21.93 [5] 

Oil palm fibers KOH 1223 796 427 0.72 0.42 0.3 23.57 [52] 

Oil palm residues KOH 1372 821 551 0.76 0.44 0.32 22.06 [53] 

Oil palm shell ZnCl2 1253.5 - - 0.83 0.46 0.37 - [54] 

Oil palm fiber KOH 707.79 - - 0.381 - - 22.11 [40] 

Bamboo H3PO4 1432 1112 - 0.696 0.503 0.1903 - [55] 

Cotton stalks H3PO4 652.82 127.18 525.64 0.476 0.057 0.419 - [56] 

Oil palm shell KOH 895.16 - - 0.491 - - - [57] 

Lotus stalks H3PO4 1434 453.93 928.39 1.337 0.307 1.03 - [58] 

Waste tea H3PO4 1157 1623 687.3 0.829 0.573 0.256 35 [41] 

Jackfruit peel NaOH 1286.7 656.95 629.75 0.764 0.356 0.408 - [59] 

Cotton stalks ZnCl2 794.84 156.69 - 0.63 0.083 0.547 32 [60] 

Palm kernel shell H3PO4 630 - - - - - - [61] 

Pine wood powder ZnCl2 1459 - - 0.7 - - - [62] 

Industrial waste lignin ZnCl2 1172.7 1002 162.4 0.64 0.457 0.174 20.82 [63] 

Pomelo skins NaOH 1355 524 811 0.77 0.29 0.48 23.09 [64] 

Peanut shell ZnCl2 1552 - - 1.75 0.02 1.73 - [65] 

Rice Husks ZnCl2 1527 - - 1.96 0.02 1.94 - [65] 

Oil palm shell KOH 895 - - 0.491 - - 21.91 [66] 
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Wood sawdust K2CO3 1496.1 892.79 603.26 0.864 0.47 0.394 23.06 [67] 

Coconut shell KOH 1768.8 - - - - - - [68] 

Date stones KOH 856 - - 0.468 - - 21.82 [69] 

Langsat EFB NaOH 1293.3 839.38 453.88 0.752 0.449 0.303 23.23 [70] 

Sunflower seed oil 

residues 

K2CO3 1411.55 - - 0.836 - - 23.6 [71] 

 

Table 2 Physical properties of the activated carbons produced by microwave heating with physical activation 

 
Material Agent SBET (m2/g) Vtot (cm3/g) Vmicro 

(cm3/g) 

Vmeso 

(cm3/g) 

Ave. Pore 

size (nm) 

Ref. 

Oil palm stone CO2 412.5  - - - [36] 

Coconut shell Steam 891 0.7233 - - - [1] 

Coconut shell Steam 2079 1.212 0.9735 0.2385 - [16] 

 CO2 2288 1.299 1.012 0.287 - [16] 

 Steam+CO2 2194 1.293 1.01 0.283 - [16] 

Jatropha hull Steam 1350 1.07 0.4366 0.6334 3.10 [39] 

 CO2 1284 0.87 - - 2.71 [39] 

Oil palm shell CO2 151 0.089 0.077 0.012 - [38] 

 
Table 3 Preparation conditions for microwave-induced physical activation 

 

Material Agent SBET (m2/g) Microwave 

power (W) 

Radiation 

time (min) 

Agent flow Ref. 

Oil palm stone CO2 412.5 750 60 200 ml/min [36] 

Coconut shell Steam 891 4000 30 - [1] 

Coconut shell Steam 2079 3000 75 1.35 g/min [16] 

 CO2 2288 3000 210 600 ml/min [16] 

 Steam+CO2 2194 3000 75 1.35 g/min + 

600 ml/min 

[16] 

Jatropha hull Steam 1350 3000 19 5 g/min [39] 

 CO2 1284 3000 30 300 ml/min [39] 

Oil palm shell CO2 151 450 15 2 L/min [38] 

 

 

4.1  Effects of Preparation Conditions on the Properties 

of the Physically Activated Carbon 

 

Generally, physical activation requires a higher level 

of microwave power and longer radiation time than 

chemical activation, just like in the conventional 

heating method where high temperature and time 

are required. As can be seen from Table 3, the 

microwave power and radiation time are the two 

major factors that significantly affect the surface 

area of the AC. Also, from Table 3, the surface area 

of the AC prepared by Xin-hui et al. [39] from 

jatropha hull is higher than the AC prepared by Li et 

al. [1] from coconut shell, thus indicating the effect of 

the precursor material. 

The effects of preparation conditions on the BET 

surface area of AC were shown by Guo and Lua [36]. 

In their study, they found that the BET surface area 

increases with increase in CO2 flow rate until the flow 

rate reaches 200 cm3/min, after which the BET 

surface area decreases with further increase in the 

flow rate. Xin-hui et al. [39] in their study prepared 

activated carbons from jatropha hull using both 

steam and CO2 as activating agent. The results 

obtained show that the AC prepared using steam as 

activating agent has higher surface area than the 

AC prepared using CO2 as activating agent despite 

the fact that the radiation time for steam activation 

was lower. To study the effects of preparation 

parameters, Yang et al. [16] prepared activated 

carbons from coconut shell using steam, CO2 and a 

mixture of steam and CO2 as activating agent. They 

observed that the BET surface area and pore volume 

increased with increase in the radiation time 

irrespective of the activating agent. 

 

4.2  Effects of Preparation Conditions on the Properties 

of the Chemically Activated Carbon 

 

Unlike microwave-induced physical activation 

process, many studies have been reported in the 

literature on the preparation of AC via microwave-

induced chemical activation. As such, the effects of 

the preparation parameters on the properties of the 
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prepared AC have engaged the attention of 

researchers in their various investigations. 

Deng et al. [32, 56, 60], Foo and Hameed [50, 53] 

and Liu et al. [55] investigated the effects of 

microwave power on the pore structure of AC in their 

various studies and obtained similar results. They 

observed that the pore structure development and 

ultimately the adsorption capacity of AC increased 

with increase in microwave power up to the 

optimum microwave power level. Beyond the 

optimum power level, the adsorption capacity of the 

AC was observed to be declining with further 

increase in power level, which according to Foo and 

Hameed [53] may be due to fierce reaction at high 

microwave power level resulting in greater weight 

loss by the carbon sample. 

To study the effects of activation time on the pore 

structure and adsorption capacity of AC, Li et al. [14] 

prepared AC from tobacco stems via microwave-

induced K2CO3 activation. In their experiment, 

microwave power and impregnation ratio were kept 

constant at 700 W and 1.5 (wt%) respectively while 

the activation time was varied from 20 to 30 minutes. 

They observed that the adsorption capacity is 

increased as they increased the activation time from 

20 to 30 minutes. However, when radiation time was 

further increased to 40 minutes, a drop in the 

adsorption capacity was noticed. Foo and Hameed 

obtained similar results [50] from their study in which 

they prepared AC by microwave-induced K2CO3 

activation from orange peel. Keeping the microwave 

power and impregnation ratio constant at 600 W and 

1.25 (wt%) respectively, they varied the microwave 

radiation time from 4 to 6 minutes. They observed 

that as the activation time increases the adsorption 

capacity is enhanced. Also, they noted that when 

the activation reaches 6 minutes, the absorption and 

reflection of energy tend to balance, thus signaling 

the attainment of optimum activation time. Using the 

same experimental conditions, Foo and Hameed [67] 

prepared AC from wood sawdust and observed the 

same phenomenon in the results obtained. For both 

experiments the optimum preparation arrived at 

were microwave power 600 W, impregnation ratio 

1.25 and radiation time 6 minutes. Although both Foo 

and Hameed and Li et al. have used the same 

chemical agent in their studies, however, the 

optimum conditions vary. The variation in the 

optimum conditions maybe attributed to the effect 

of the precursor material. Figure 3 and Figure 4 

depict the effects of microwave radiation time on 

adsorption properties of AC reported by Li et al. [14] 

and Foo and Hameed [67]respectively. 

 

 
Figure 3 Effects of microwave radiation time on adsorption 

properties of AC [14] 

 

 
Figure 4 Effects of radiation time on adsorption capacity 

and carbon yield [67] 

 

 

Biomass is a poor absorber of microwave, thus the 

chemical agent serves as the microwave absorber to 

initiate the pyrolysis process during microwave 

chemical activation process. Like the other two 

parameters, chemical agent plays a significant role 

in the development of porosity and adsorption 

capacity of the AC. 

To investigate the effects of chemical agent 

impregnation ratio, Deng et al. [32] prepared 

activated carbon from cotton stalks by microwave-

induced KOH and K2CO3 activation. They reported 

that the effects of microwave power, radiation time 

and impregnation ratio followed the same pattern at 

optimum preparation conditions. Foo and Hameed 

prepared activated carbons from rice husks [48] and 

pineapple peel [47] via microwave-induced KOH 

and K2CO3 activation and investigated the effects of 

the impregnation ratio on the prepared activated 

carbons. Experimental results obtained not only show 

the effects of the impregnation ratio but also show 

the additional effect of the precursor material. While 

in the case of rice husks-based activated carbons, 

the carbons prepared using K2CO3 as chemical 

agent have higher carbon yield, better pore 
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structure and good adsorption capacity. Whereas, 

the reverse was the case for pineapple peel-based 

activated carbons with KOH-activated carbon 

sample showing superior pore structure and good 

adsorption capacity. The results obtained by Deng et 

al. [32] and Foo and Hameed [47, 48] correlated with 

the earlier study by Li et al. [14]. In their study Li et al. 

[14] prepared AC from tobacco stems by 

microwave-induced K2CO3 activation. They reported 

that the increase in adsorption observed when 

K2CO3/C ratio was increased is due to the 

decomposition of K2CO3 and subsequent reduction 

of K2CO3 and K2O by carbons given by the following 

equations. 

 

    (3) 

 

   (4) 

 

According to them, the formation of pores was 

further enhanced by the diffusion of potassium into 

the layer of the carbon as the activation 

temperature reaches the boiling point of the 

potassium. 

 

 

5.0  CONCLUSION 

 
The results from this review clearly show that apart 

from the preparation conditions, the nature of the 

precursor material also has a significant influence on 

the properties and adsorption capacity of the 

prepared AC. The adsorption capacity and porosity 

development were used to investigate the effects of 

each preparation parameter on the physical 

properties of the AC. From the results reported in the 

survey literature, the properties of the AC are at their 

best when the parameters are at the optimum values 

whether individually or collectively. For all the 

parameters, an increase in the process value beyond 

the optimum value resulted in decrease in the 

adsorption capacity due to excessive carbon burn 

off. 

Scale up of microwave equipment and control 

and use of temperature as a process parameter are 

some of the areas that deserve the attention of the 

research community. 

 

 

Acknowledgement 
 

The authors acknowledged Ministry of Higher 

Education (MOHE) and Universiti Teknologi Malaysia 

for the approved grants, Vot No 4L653 and 4F600, 

that make this important research possible. Abubakar 

Tafawa Balewa University, Bauchi and TetFund 

Nigeria are greatfully acknowledge by the authors 

for the intervention program. 

 

References 
 
[1] Li, W., Peng, J., Zhang, L., Yang, K., Xia, H., Zhang, S., and 

Guo, S. H. 2009. Preparation Of Activated Carbon From 

Coconut Shell Chars In Pilot-Scale Microwave Heating 

Equipment At 60 kW. Waste Manag. 29(2): 756-60. 

[2] Shepherd, A. 2001. Activated Carbon Adsorption for 

Treatment of VOC Emissions. 13th Annual EnviroExpo. 1-4. 

[3] Vitolo, S. and Seggiani, M. 2002. Mercury Removal From 

Geothermal Exhaust Gas By Sulfur-Impregnated And Virgin 

Activated Carbons. Geothermics. 31(4): 431-442. 

[4] Pintar, A. 2003. Catalytic Processes For The Purification Of 

Drinking Water And Industrial Effluents. Catalysis Today. 

77(4): 451-465. 

[5] Foo, K. Y. and Hameed, B. H. 2011. Preparation Of Oil Palm 

(Elaeis) Empty Fruit Bunch Activated Carbon By 

Microwave-Assisted KOH Activation For The Adsorption Of 

Methylene Blue. Desalination. 275(1-3): 302-305. 

[6] Hejazifar, M., Azizian, S., Sarikhani, H., Li, Q., and Zhao, D. 

2011. Microwave Assisted Preparation Of Efficient 

Activated Carbon From Grapevine Rhytidome For The 

Removal Of Methyl Violet From Aqueous Solution. Journal 

of Analytical and Applied Pyrolysis. 92(1): 258-266. 

[7] Mohammed, J., Nasri, N. S., Ahmad Zaini, M. A., Hamza, U. 

D., and Ani, F. N. 2015. Adsorption Of Benzene And 

Toluene Onto KOH Activated Coconut Shell Based 

Carbon Treated With NH3. International Biodeterioration & 

Biodegradation. 102: 245-255. 

[8] Mohammed, J., Nasri, N. S., A. Zaini, M. A., Hamza, U. D., 

Zain, H. M., and Ani, F. N. 2015. Optimization Of Microwave 

Irradiated - Coconut Shell Activated Carbon Using 

Response Surface Methodology For Adsorption Of 

Benzene And Toluene. Desalination and Water Treatment. 

1-17. 

[9] Nasri, N. S., Mohammed, J., Ahmad Zaini, M. A., Hamza, U. 

D., Mohd. Zain, H., and Ani, F. N. 2014. Equilibrium and 

Kinetic Studies of Benzene and Toluene Adsorption onto 

Microwave Irradiated-Coconut Shell Activated Carbon. 

Advanced Materials Research. 1043: 219-223. 
[10] Arrebola, J. C., Caballero, A., Hernán, L., Morales, J., 

Olivares-Mari ́n, M., and Go ́mez-Serrano, V. 2010. 

Improving the Performance of Biomass-Derived Carbons in 

Li-Ion Batteries by Controlling the Lithium Insertion Process. 

Journal of The Electrochemical Society. 157(7): A791-A797. 

[11] Si, W.-J., Wu, X.-Z., Xing, W., Zhou, J., and Zhuo, S.-P. 2011. 

Bagasse-based Nanoporous Carbon for Supercapacitor 

Application. Journal of Inorganic Materials. 26(1): 107-112. 

[12] Wu, X., Xing, W., Florek, J., Zhou, J., Wang, G., Zhuo, S., 

Xue, Q., Yan, Z., and Kleitz, F. 2014. On The Origin Of The 

High Capacitance Of Carbon Derived From Seaweed 

With An Apparently Low Surface Area. J. Mater. Chem. A. 

2(44): 18998-19004. 

[13] Kalyani, P., Anitha, A., and Darchen, A. 2015. Obtaining 

Activated Carbon from Papaya Seeds for Energy Storage 

Devices. International Journal of Engineering Sciences & 

Research Technology. 4(1): 110-122. 

[14] Li, W., Zhang, L.-b., Peng, J.-h., Li, N., and Zhu, X.-y. 2008. 

Preparation Of High Surface Area Activated Carbons 

From Tobacco Stems With K2CO3 Activation Using 

Microwave Radiation. Industrial Crops and Products. 27(3): 

341-347. 

[15] Hesas, R. H., Wan Daud, W. M. A., Sahu, J. N., and Arami-

Niya, A. 2013. The Effects Of A Microwave Heating 

Method On The Production Of Activated Carbon From 

Agricultural Waste: A Review. Journal of Analytical and 

Applied Pyrolysis. 100: 1-11. 

[16] Yang, K., Peng, J., Srinivasakannan, C., Zhang, L., Xia, H., 

and Duan, X. 2010. Preparation Of High Surface Area 

Activated Carbon From Coconut Shells Using Microwave 

Heating. Bioresour Technol. 101(15): 6163-9. 



87                        Adekunle Moshood & Farid Nasir / Jurnal Teknologi (Sciences & Engineering) 79:3 (2017) 79–88  

 

 
79:3 (2017) 79–88 | www.jurnalteknologi.utm.my | eISSN 2180–3722 | 

 

[17] Oghbaei, M. and Mirzaee, O. 2010. Microwave Versus 

Conventional Sintering: A Review Of Fundamentals, 

Advantages And Applications. Journal of Alloys and 

Compounds. 494(1-2): 175-189. 

[18] Xie, Z., Yang, J., Huang, X., and Huang, Y. 1999. 

Microwave Processing And Properties Of Ceramics With 

Different Dielectric Loss. Journal of the European Ceramic 

Society. 19(3): 381-387. 

[19] Metaxas, A. C. 1991. Microwave Heating. Power 

Engineering Journal. 5(5): 237-247. 

[20] Tang, S.-Y., Xia, Z.-N., Fu, Y.-J., and Gou, Q. 2008. 

Advances and Applications of Microwave Spectroscopy. 

Chinese Journal of Analytical Chemistry. 36(8): 1145-1151. 

[21] Eskicioglu, C., Terzian, N., Kennedy, K. J., Droste, R. L., and 

Hamoda, M. 2007. Athermal Microwave Effects For 

Enhancing Digestibility Of Waste Activated Sludge. Water 

Research. 41(11): 2457-2466. 

[22] Lam, S. S. and Chase, H. A. 2012. A Review on Waste to 

Energy Processes Using Microwave Pyrolysis. Energies. 

5(12): 4209-4232. 

[23] Bergese, P., Colombo, I., Gervasoni, D., and Depero, L. E. 

2003. Microwave Generated Nanocomposites For Making 

Insoluble Drugs Soluble. Materials Science and 

Engineering: C. 23(6-8): 791-795. 

[24] Wu, T.-N. 2008. Environmental Perspectives of Microwave 

Applications as Remedial Alternatives: Review. Practice 

Periodical of Hazardous, Toxic, and Radioactive Waste 

Management. 12(2): 102-115. 

[25] Zong, L., Zhou, S., Sgriccia, N., Hawley, M. C., and Kempel, 

L. C. 2003. A Review of Microwave-Assisted Polymer 

Chemistry (MAPC). Journal of Microwave Power & 

Electromagnetic Energy. 38(1): 49-74. 

[26] Jones, D. A., Lelyveld, T. P., Mavrofidis, S. D., Kingman, S. 

W., and Miles, N. J. 2002. Microwave Heating Applications 

In Environmental Engineering—A Review. Resources, 

Conservation and Recycling. 34(2): 75-90. 

[27] Lu, A., Zhang, S., Shan, X.-q., Wang, S., and Wang, Z. 2003. 

Application Of Microwave Extraction For The Evaluation 

Of Bioavailability Of Rare Earth Elements In Soils. 

Chemosphere. 53(9): 1067-1075. 

[28] Yuen, F. K. and Hameed, B. H. 2009. Recent Developments 

In The Preparation And Regeneration Of Activated 

Carbons By Microwaves. Adv Colloid Interface Sci. 149(1-

2): 19-27. 

[29] Menéndez, J. A., Arenillas, A., Fidalgo, B., Fernández, Y., 

Zubizarreta, L., Calvo, E. G., and Bermúdez, J. M. 2010. 

Microwave Heating Processes Involving Carbon Materials. 

Fuel Processing Technology. 91(1): 1-8. 

[30] Haque, K. E. 1999. Microwave energy for mineral 

treatment processes—a brief review.International Journal 

of Mineral Processing,  57(1): 1-24. 

[31] Salema, A. A. and Ani, F. N. 2011. Microwave Induced 

Pyrolysis Of Oil Palm Biomass. Bioresour Technol.  102(3): 

3388-95. 

[32] Deng, H., Li, G., Yang, H., Tang, J., and Tang, J. 2010. 

Preparation Of Activated Carbons From Cotton Stalk By 

Microwave Assisted KOH and K2CO3 Activation. Chemical 

Engineering Journal. 163(3): 373-381. 

[33] Abas, F. Z. and Ani, F. N. 2014. Comparing Characteristics 

of Oil Palm Biochar Using Conventional and Microwave 

Heating. Jurnal Teknologi. 68(3): 33-37. 

[34] Zaharah Abas, F. and Ani, F. N. 2016. Characteristic of Oil 

Palm Activated Carbon Produced from Microwave and 

Conventional Heating. Applied Mechanics and Materials. 

819: 606-611. 

[35] Abioye, A. M. and Ani, F. N. 2015. Recent Development In 

The Production Of Activated Carbon Electrodes From 

Agricultural Waste Biomass For Supercapacitors: A Review. 

Renewable and Sustainable Energy Reviews. 52: 1282-

1293. 

[36] Guo, J. and Lua, A. C. 2000. Preparation Of Activated 

Carbons From Oil-Palm-Stone Chars By Microwave-

Induced Carbon Dioxide Activation. Carbon. 38: 1985-

1993. 

[37] Aworn, A., Thiravetyan, P., and Nakbanpote, W. 2008. 

Preparation And Characteristics Of Agricultural Waste 

Activated Carbon By Physical Activation Having Micro- 

And Mesopores. Journal of Analytical and Applied 

Pyrolysis. 82(2): 279-285. 

[38] Abioye, A. M. and Ani, F. N. 2014. The Characteristics of Oil 

Palm Shell Biochar and Activated Carbon Produced via 

Microwave Heating. Applied Mechanics and Materials. 

695: 12-15. 

[39] Xin-hui, D., Srinivasakannan, C., Jin-hui, P., Li-bo, Z., and 

Zheng-yong, Z. 2011. Comparison Of Activated Carbon 

Prepared From Jatropha Hull By Conventional Heating 

And Microwave Heating. Biomass and Bioenergy. 35(9): 

3920-3926. 

[40] Foo, K. Y. and Hameed, B. H. 2011. Microwave-assisted 

Preparation Of Oil Palm Fiber Activated Carbon For 

Methylene Blue Adsorption. Chemical Engineering 

Journal. 166(2): 792-795. 

[41] Yagmur, E., Ozmak, M., and Aktas, Z. 2008. A Novel 

Method For Production Of Activated Carbon From Waste 

Tea By Chemical Activation With Microwave Energy. Fuel. 

87(15-16): 3278-3285. 

[42] Waheed ul Hasan, S. and Ani, F. N. 2014. Review of 

Limiting Issues in Industrialization and Scale-up of 

Microwave-Assisted Activated Carbon Production. 

Industrial & Engineering Chemistry Research. 53(31): 12185-

12191. 

[43] Hoseinzadeh Hesas, R., Arami-Niya, A., Wan Daud, W. M. 

A., and Sahu, J. N. 2013. Comparison Of Oil Palm Shell-

Based Activated Carbons Produced By Microwave And 

Conventional Heating Methods Using Zinc Chloride 

Activation. Journal of Analytical and Applied Pyrolysis. 

104: 176-184. 

[44] Biniak, S., Szymanski, G., Siedlewski, J., and Swiatkowski, A. 

1997. The Characterization of Activated Carbons with 

Oxygen and Nitrogen Surface Groups. Carbon.  35(12): 

1799-1810. 

[45] Rafatullah, M., Ahmad, T., Ghazali, A., Sulaiman, O., 

Danish, M., and Hashim, R. 2013. Oil Palm Biomass as a 

Precursor of Activated Carbons: A Review. Critical 

Reviews in Environmental Science and Technology.  

43(11): 1117-1161. 

[46] Foo, K. Y. and Hameed, B. H. 2012. Coconut Husk Derived 

Activated Carbon Via Microwave Induced Activation: 

Effects Of Activation Agents, Preparation Parameters And 

Adsorption Performance. Chemical Engineering Journal. 

184: 57-65. 

[47] Foo, K. Y. and Hameed, B. H. 2012. Porous Structure And 

Adsorptive Properties Of Pineapple Peel Based Activated 

Carbons Prepared Via Microwave Assisted KOH and 

K2CO3 Activation. Microporous and Mesoporous Materials. 

148(1): 191-195. 

[48] Foo, K. Y. and Hameed, B. H. 2011. Utilization Of Rice Husks 

As A Feedstock For Preparation Of Activated Carbon By 

Microwave Induced KOH and K2CO3 Activation. Bioresour 

Technol. 102(20): 9814-7. 

[49] Foo, K. Y. and Hameed, B. H. 2012. Textural Porosity, 

Surface Chemistry And Adsorptive Properties Of Durian 

Shell Derived Activated Carbon Prepared By Microwave 

Assisted NaOH Activation. Chemical Engineering Journal. 

187: 53-62. 

[50] Foo, K. Y. and Hameed, B. H. 2012. Preparation, 

Characterization And Evaluation Of Adsorptive Properties 

Of Orange Peel Based Activated Carbon Via Microwave 

Induced K2CO3 Activation. Bioresour Technol. 104: 679-86. 

[51] Foo, K. Y. and Hameed, B. H. 2011. Preparation And 

Characterization Of Activated Carbon From Pistachio Nut 

Shells Via Microwave-Induced Chemical Activation. 

Biomass and Bioenergy. 35(7): 3257-3261. 



88                        Adekunle Moshood & Farid Nasir / Jurnal Teknologi (Sciences & Engineering) 79:3 (2017) 79–88  

 

 
79:3 (2017) 79–88 | www.jurnalteknologi.utm.my | eISSN 2180–3722 | 

 

[52] Foo, K. Y. and Hameed, B. H. 2012. Adsorption 

Characteristics Of Industrial Solid Waste Derived Activated 

Carbon Prepared By Microwave Heating For Methylene 

Blue. Fuel Processing Technology. 99: 103-109. 

[53] Foo, K. Y. and Hameed, B. H. 2012. Microwave-Assisted 

Preparation And Adsorption Performance Of Activated 

Carbon From Biodiesel Industry Solid Reside: Influence Of 

Operational Parameters. Bioresour Technol. 103(1): 398-

404. 

[54] Hoseinzadeh Hesas, R., Arami-Niya, A., Wan Daud, W. M. 

A., and Sahu, J. N. 2013. Preparation Of Granular 

Activated Carbon From Oil Palm Shell By Microwave-

Induced Chemical Activation: Optimisation Using Surface 

Response Methodology. Chemical Engineering Research 

and Design. 91(12): 2447-2456. 

[55] Liu, Q.-S., Zheng, T., Wang, P., and Guo, L. 2010. 

Preparation and Characterization Of Activated Carbon 

From Bamboo By Microwave-Induced Phosphoric Acid 

Activation. Industrial Crops and Products. 31(2): 233-238. 

[56] Deng, H., Zhang, G., Xu, X., Tao, G., and Dai, J. 2010. 

Optimization of Preparation Of Activated Carbon From 

Cotton Stalk By Microwave Assisted Phosphoric Acid-

Chemical Activation. J Hazard Mater. 182(1-3): 217-24. 

[57] Foo, K. Y. and Hameed, B. H. 2012..Chemical Dynamic 

Adsorption Behavior Of Methylene Blue Onto Oil Palm 

Shell Granular Activated Carbon Prepared By Microwave 

Heating. Engineering Journal. 203: 81-87. 

[58] Huang, L., Sun, Y., Wang, W., Yue, Q., and Yang, T. 2011. 

Comparative Study On Characterization Of Activated 

Carbons Prepared By Microwave And Conventional 

Heating Methods And Application In Removal Of 

Oxytetracycline (OTC). Chemical Engineering Journal. 

171(3): 1446-1453. 

[59] Foo, K. Y. and Hameed, B. H. 2012. Potential Of Jackfruit 

Peel As Precursor For Activated Carbon Prepared By 

Microwave Induced NaOH Activation. Bioresource 

Technology,  112: 143-150. 

[60] Deng, H., Yang, L., Tao, G., and Dai, J. 2009. Preparation 

and Characterization Of Activated Carbon From Cotton 

Stalk By Microwave Assisted Chemical Activation--

Application In Methylene Blue Adsorption From Aqueous 

Solution. J Hazard Mater.  166(2-3): 1514-21. 

[61] Yacob, A. R., Wahab, N., Suhaimi, N. H., and Mustajab, M. 

K. A. A. 2013. Microwave Induced Carbon from Waste 

Palm Kernel Shell Activated by Phosphoric 

Acid.International Journal of Engineering and Technology. 

214-217. 

[62] Wang, T., Tan, S., and Liang, C. 2009. Preparation And 

Characterization Of Activated Carbon From Wood Via 

Microwave-Induced ZnCl2 Activation. Carbon. 47(7): 1880-

1883. 

[63] Maldhure, A. V. and Ekhe, J. D. 2011. Preparation And 

Characterizations Of Microwave Assisted Activated 

Carbons From Industrial Waste Lignin For Cu(II) Sorption. 

Chemical Engineering Journal. 168(3): 1103-1111. 

[64] Foo, K. Y. and Hameed, B. H. 2011. Microwave Assisted 

Preparation Of Activated Carbon From Pomelo Skin For 

The Removal Of Anionic And Cationic Dyes. Chemical 

Engineering Journal. 173(2): 385-390. 

[65] He, X., Ling, P., Qiu, J., Yu, M., Zhang, X., Yu, C., and Zheng, 

M. 2013. Efficient Preparation Of Biomass-Based 

Mesoporous Carbons For Supercapacitors With Both High 

Energy Density And High Power Density. Journal of Power 

Sources. 240: 109-113. 

[66] Foo, K. Y. and Hameed, B. H. 2013. Utilization Of Oil Palm 

Biodiesel Solid Residue As Renewable Sources For 

Preparation Of Granular Activated Carbon By Microwave 

Induced KOH Activation. Bioresour Technol. 130: 696-702. 

[67] Foo, K. Y. and Hameed, B. H. 2012. Mesoporous Activated 

Carbon From Wood Sawdust By K2CO3 Activation Using 

Microwave Heating. Bioresour Technol. 111: 425-32. 

[68] Iqbaldin, M. N. M., Khudzir, I., Azlan, M. I. M., Zaidi, A. G., 

Surani, B., and Zubri, Z. 2013. Properties of Coconut Shell 

Activated Carbon. Journal of Tropical Forest Science. 

25(4): 497-503. 

[69] Foo, K. Y. and Hameed, B. H. 2011. Preparation Of 

Activated Carbon From Date Stones By Microwave 

Induced Chemical Activation: Application For Methylene 

Blue Adsorption. Chemical Engineering Journal. 170(1): 

338-341. 

[70] Foo, K. Y. and Hameed, B. H. 2012. Preparation Of 

Activated Carbon By Microwave Heating Of Langsat 

(Lansium Domesticum) Empty Fruit Bunch Waste. Bioresour 

Technol. 116: 522-5. 

[71] Foo, K. Y. and Hameed, B. H. 2011. Preparation And 

Characterization Of Activated Carbon From Sunflower 

Seed Oil Residue Via Microwave Assisted K2CO3 

Activation. Bioresour Technol. 102(20): 9794-9. 

 


